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Effect of Thermal History on Hot Ductility of Nb Containing Steel

Yoshihiko KAMADA and Hiroo OHTANI

Synopsis :

Hot cracking of Nb containing steels (Nb steel) during HCR (Hot Charge Rolling) process has been
investigated by means of laboratory rolling simulation using small ingots and conducting the hot tensile
tests simulated HCR process. :

Hot cracking in Nb containing steels occurs in the case of HCR process with the charging temperature
ranging from 650°C to 900°C. This phenomenon can be explained by the precipitation of Nb (CN) at the
large austenite grain boundaries succeeded from solidification at the interval of casting process and heating
process before rolling. The precipitation of Nb (CN) at such a large austenite grain boundary during
rolling process leads to larger strain concentration and promotes the initiation of microvoids due to decohesion
of the grain boundary precipitates from the matrix. Final fracture mode is ductile intergranular fracture
of austenite by microvoid coalescence.

To avoid the hot cracking in Nb containing steels during HCR process, it is favourable to chose the
charging temperatures out of above mentioned temperature region. But, even if cast slabs are charged
to furnace with such temperature, hot cracking in Nb containing steels can be avoided by controlling the

heating temperature before rolling higher than solution temperature of Nb (CN).
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solidification ; ductility.
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Table 1. Chemical composition (wt%). Table 2. Chemical composition (wt% ).
Steel C Si Mn P S Nb  Sol.Al N Steel S81 582 S83 S84 S85 S86
10C1 0.09 0.27 1.32 0.008 0.007 — 0.021 0.0068 Nb <0.001 0.028 0.028 0.030 0.030 0.029
Nbl 0.09 0.21 1.34  0.003 0.005 0.034 0.025 0.0053 Sol.Al 0.028 <0.001 0.027 0.012 0.015 0.015
10C4 | 0.09 0.24 1.37 0.003 0.004 — 0.023 0.0084 N 0.0015 0.0018 0.0019 0.0019 0.0045  0.0097
Nb6 | 0.10 0.22 1.33 0.003 0.005 0.025 0.022 0.0060
Nb7 0.09 0.27 1.33 0.020 0.005 0.030 0.020 0.0081 0.1%C-0.25%Si-1.35%Mn-0.01%P-0.003%S
Melt
1350°C x 60s 1350°C x 60s
Heating temp. (Ty) 1100°C X 60s Tp, X 60s
12Rolling start temp. (Tg) Tq X 60s
! T,
Ars --- ' ¥ Ro11d .
] | olling finish temp. (T¢)
o b WQ
Charging | ; AC (a) (b)
temp. (T¢) Voo ' . : . ,
(Direct Quench) Fig. 2. Heat history of hot tensile tests simulat-
Fig. 1. Laboratory simulation method for HCR ing HCR process.
process.
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Fig. 3. Effect of charging temperature on hot
cracking of HCR processed Nbl and 10C1 steels.
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Photo. 1. Edge appearance and cross sectional
macro structures of HCR processed Nbl steel.
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2 pass rolled

(a) as heated (b

Photo. 2. Appearance of the rolling crack on ingot
corner of hot charge rolling processed Nb7 steel.
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Fig. 4. Effect of charging temperature (7T,) and
N content on hot ductility of HCR smulated Nb
steels.
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Fig. 5. Effect of deformation temperature (T,)
on hot ductility of HCR simulated Nb steels.
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Photo. 3. Extraction replica im-
age of Nb (CN) particles in the
specimen (S85) quenched from
700°C following solution treat-
ment at 1 350°C.

N 1IN
(a) T-750T (b) T-900t (S86)

Th=1100C )

(584)
(T.=700C

Photo. 4. Variation of fracture mode with tempera-
ture in HCR simulated Nb steels.

T,=700°C T,=1100°C T;=900°C
Photo. 5. Fracture surface of HCR simulated Nb
steel.

5. BEICOVWTRBHEME O SEM BI2E5H %
Photo. 5 =R L, BHES— K> L7 #ECL 0B
Eotr i &t L STEM-EDX (& THIIEP O RE &
L7 %58 % Photo. 6 12773, BEERRA T+ v Lo
BREERLTEY, #2714 Y TNERLEHAE BV
0.1um #ED Nb REMMOFEABD L. Zh
1D 900°C 28175 RA DETIR yHEFICHELET S

— 100 —




= F TR OB IRAETE I R E T R O R 101

Nb REW RS LM Ty 27 DEKRIZE S &
Ezbh5b.
3-2-3 RFESE & BRI

@)

90167 HUS 50

Photo. 6. STEM-EDX analysis of precipitates on
fracture surface of HCR simulated Nb steel.
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Fig. 6. Effect of heating temperature (T,) and N T,=700°C  T,=1100"C

Fig. 7. Effect of deformation temperature on hot

content on hot ductility of HCR simulated Nb
ductility of HCR simulated HSLA steels.

steels.

(@) Th 1300C (b) Th-1100C () Th 900C

Photo. 7. Variation of fracture mode with heating temperature ( T,) in HCR simulated
Nb steel (S86).
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Fig. 8. Change in flow stress (oy,) of HCR
simulated steels with Nb-Al balance.

900°C)

(To = 700°C, Tp=1100°C, Td =

Photo. 8. Fracture mode of HCR simulated Nb
steel (S82).
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Photo. 9. Comparison in recrystal-

lization behaviour of HCR processed
Nb6 steel and 10C 4 steel.

d) 100 ~40mm
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T30 = Temperature at RA = 30%
Fig. 9. Effect of N content on hot ductility of

HCR simulated Nb steel.
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